Pu-erh ripe tea is one of the main tea products in China, which has a unique woody, chestnut fragrance flavour, distinct from other teas. Because of the largely excessive production capacity, it is now possible and necessary to utilise it to produce tea essential oil. In this study, the extraction efficiency of Soxhlet extraction (Soxhlet), ultrasonic-assisted extraction (UAE), simultaneous distillation extraction (SDE), and steam distillation extraction (SD) for extraction oil of Pu-erh ripe tea was investigated. GC-MS and HS-SPME/GC-MS were then applied to identify the volatile compounds in the essential oils and tea samples. The results showed that the extraction ratios of the essential oil were 0.81±0.01 g/kg (Soxhlet), 0.36±0.01 g/kg (UAE), 0.11±0.01 g/kg (SDE), and 0.59±0.01 g/kg (SD). GC-MS identified 40, 38, 35, and 47 volatile compounds in the essential oils extracted by the different methods, whereas 55 compounds were identified by HS-SPME/GC-MS. Therefore, when both the essential oil extraction rate and oil flavour are considered, the best method is SD.
Introduction
Tea can be divided into four major categories according to the degree of fermentation: unfermented green teas, semi-fermented oolong and Paochong teas, fully fermented black tea, and microbially fermented dark tea. Yunnan Pu-erh tea is the most representative and popular Chinese dark tea. [1] The tea aroma is one of the most important factors that define tea quality, and it has a great influence on its appreciation by consumers. [2] Pu-erh ripe tea has a unique woody, chestnut fragrance, and/or camphor flavour and amazing tea fusion taste, distinct from green tea, black tea, and other teas. Previous studies showed that Pu-erh tea has many health benefits, and it has been widely accepted and loved by growing numbers of consumers throughout China, Korea, and Japan. [3] [4] [5] As this tea has natural flavours and fragrances, although the essential oil contents are generally very low, it has great potential value in food and cosmetics. [6] The extraction of the essential oil is important for the comprehensive utilisation of the excessive amount of tea that is currently produced, for example, before the extraction of tea polyphenols. With the fast and constant expansion of the tea plantation area, tea production has rapidly expanded in recent years. An excess of tea has appeared in China, including Pu-erh ripe tea, and will become an increasingly serious problem in the near future. Furthermore, according to the report of the International Tea Commission (ITC), approximately 25% of raw tea is lost or abandoned during processing. An average of approximately 300,000 tons of tea is wasted every year in China. This mainly includes poor quality or poor taste tea, tea leaves pulverised by the processing, and coarse and old tea leaves that are pruned in winter. It is urgent to find new, diverse applications for the excess tea.
Essential oils are complex mixtures of low molecular weight compounds extracted from plants by steam distillation or various solvents. [7] Essential oils are important products of the agricultural industry. They are commonly used as flavouring agents in food products, drinks, perfumeries, pharmaceuticals, and cosmetics. [8] [9] [10] Approximately 3,000 essential oils have been produced from at least 2,000 plant species, of which 300 are important from a commercial point of view. A production of 40,000-60,000 tonnes per annum with an estimated market value of US$700 million indicates that the production and consumption of essential oils are increasing around the world. [11] The essential oil extracted from tea has a very wide range of applications in the fields of food, cosmetics, flavours and fragrances, and the cigarette industry. [2, 12, 13] The extraction of essential oil from abandoned tea can reduce the amount of wasted tea and can bring stupendous economic benefits to tea farmers and the essential oil industry. To date, no study has been reported on the rate and chemical difference of tea essential oils in different extract processes. Therefore, it is necessary to study the volatile composition and the rate of tea extraction using difference extract methods and to analyse the aroma differences.
Many extraction methods have been developed to extract essential oils, including microwave hydrodiffusion and gravity (MHG), solvent-free microwave extraction (SFME), microwave-assisted extraction (MAE), subcritical water extraction (SWE), ultrasonic-assisted extraction (UAE), supercritical CO 2 fluid extraction (SFE-CO 2 ), and Soxhlet extraction. Simultaneous distillation extraction (SDE) is the most comprehensively studied method for the extraction of essential oils from tea, although these studies have mostly been conducted in laboratories. [14] [15] [16] [17] However, this method is a lengthy process and consumes large amounts of organic solvents. [18] In recent years, a simple, rapid, solvent-free, and low-cost technique, named solid-phase micro extraction (SPME), was developed. This technique is based on the distribution coefficient of the analytes between the sample matrix, the gas phase, and a fibre coated with an adsorbent polar or apolar high polymer. [19] Since its introduction, this technique has been widely used to analyse the volatile compounds of food, such as fruit, [20] sauce, [21] and wine. [22] In previous studies, a fully automatic HS-SPME method for the determination of aroma compounds from Pu-erh ripe tea and black tea was investigated and showed good repeatability, sensitivity, and selectivity. [18, 23, 24] Based on these works, we attempted to identify the optimal technique for the extraction of essential oils from Pu-erh ripe tea by systematically comparing the different processes. The volatile compounds were identified and compared to explore the differences in the aroma compounds of the essential oils extracted by the different methods and to determine whether and which types of volatile compounds are lost in the corresponding extraction processes. In this study, essential oils were extracted from Pu-erh ripe tea by four different processes respectively, and the aroma composition in the essential oils was analysed by gas chromatography-mass spectrometry (GC-MS). In addition, fully automatic HS-SPME was used to identify the original aroma composition from Pu-erh ripe tea as a reference [14] [15] [16] Furthermore, the colour and odour of the extractions were compared.
Materials and methods

Materials, instruments, and equipment
Pu-erh ripe tea powder was obtained by using a high-speed multifunctional disintegrator of 40 mesh (Yunnan Green Tea Industry Co. Ltd.), ethanol (AR), dichloromethane (AR), sodium chloride, sodium sulphate anhydrous (Kunming Bei'erji Science and Technology Co. Ltd.), and deionised water (laboratory made).
An SDE apparatus was purchased from Beijing Glass Instrument Factory (Beijing, China) and was similar to the design of the Lickens-Nickerson apparatus. An essential oil extractor (Beijing Tian Lian Harmonious Instrument Co., Ltd.), a simultaneous distillation and extraction device (Beijing Heng Aode Instrument Limited Company), probe-type ultrasonic generator (Nanjing First European Instrument Manufacturing Co., Ltd.) at a frequency 20 kHz and a rotating speed of 300 rpm, Soxhlet extractor (Shanghai Dafeng Glassware Co. Ltd.), Rotary evaporator (Shanghai Ilover Instrument Co. Ltd.), electronic balance (DENVER company), high-speed multifunction grinder (Shanghai Arrow Machinery Co., Ltd.), and Agilent 7890A-5975 (GC-MS) were also used.
Experimental methods
Simultaneous distillation extraction A total of 30 g tea powder was immersed in a 1000 mL flask with 250 mL of distilled water, and 50 mL of dichloromethane, used as the extraction solvent, was placed in another flask. Both flasks were placed in a Lickens-Nickerson apparatus and heated to their boiling points. Each extraction was carried out for 3 h after the two arms started to reflux. After cooling to ambient temperature, the extract was collected and the flask was washed with dichloromethane (3 × 1 mL), which was then added to the extract. The combined extract was dried over anhydrous sodium sulphate overnight and filtrated. The filtrate was then concentrated to approximately 0.5 mL under a gentle stream of highpurity nitrogen, and the volume was brought to 1 mL with dichloromethane. [24] [25] [26] [27] The concentrated extraction was stored at −80°C prior to analysis. The essential oil was analysed by GC-MS after filtering through a 0.45 µm membrane.
Ultrasonic-assisted extraction
Thirty grams of powdered Pu-erh ripe tea was dissolved in 500 mL dichloromethane, and the mixture was soaked for 3 h before ultrasonic extraction was performed three times. The ultrasonic frequency was 40 kHz at 50°C, and the extraction time was 20 min. The filtrate was then placed in a rotary evapourator to evapourate the dichloromethane and was then combined with the extract. [19, [28] [29] [30] The concentrated extract was stored at −80°C prior to analysis. The essential oil was analysed by GC-MS after filtering through a 0.45 µm membrane.
Soxhlet extraction method (Soxhlet)
A total of 30 g tea powder dissolved in 450 mL dichloromethane was placed into a Soxhlet extractor. Soxhlet extraction was conducted three times for 8 h. The Soxhlet extracts were placed in a rotary evapourator to evapourate the dichloromethane, and then the extracts were combined. [31, 32] The concentrated extract was stored at −80°C until analysis. The essential oil was analysed by GC-MS after filtering through a 0.45 µm membrane.
Steam distillation
A total of 30 g tea powder was dissolved in 1000 mL water and placed in an essential oil extractor, and the essential oil was extracted according to the method in appendix XD in the Chinese pharmacopoeia (edition 2005). [33] After extraction for 5 h, the combined extract was dried over anhydrous sodium sulphate overnight and filtrated. Finally, the essential oil of the Pu-erh ripe tea was collected. [33] [34] [35] The concentrated extract was stored at −80°C prior to analysis. The essential oil was analysed by GC-MS after filtering through a 0.45 µm membrane.
Fully automatic headspace-solid phase microextraction (HS-SPME) In a previous study, [18] the HS-SPME parameters for Pu-erh ripe tea were validated and optimised; therefore, the same method and parameters were adopted in this work to extract the volatile compounds of Pu-erh ripe tea. A detailed explanation of the HS-SPME parameters is as follows.
A total of 2.0 g tea sample was placed in a 20 mL sealed headspace vial with 5 mL boiling water, and the temperature of the headspace vial was kept at 80ºC using an electric hot plate. Then, a 65 μm polydimethylsiloxane/divinylbenzene (PDMS/DVB)-coated fibre (Supelco, Inc., Bellefonte, PA) was exposed to the sample headspace for 60 min. The volatile compounds that were absorbed on the SPME fibre were desorbed in the GC-MS injector at 250ºC for 3.5 min and were then immediately analysed by GC-MS. After adsorption, the SPME fibre was transferred to the GC injection port at 250ºC for 30 min.
GC-MS analysis conditions
An HP 7890A GC instrument integrated with an Agilent 5975C MSD mass spectrometer (Agilent, Santa Clara, CA, USA) was used to identify the volatile compounds in the tea samples. The capillary column was an Agilent HP-5MS (30 m × 0.25 mm i.d. × 0.25 μm film thickness), helium (purity > 99.999%) was used as the carrier gas, and the flow rate was 1 mL/min. The injector temperature was 250°C, and the injection mode was splitless. The GC oven temperature was held at 50°C for 5 min, increased to 210°C at a rate of 3°C/min, maintained at 210°C for 3 min, and finally increased to 230°C at 15°C/min. The mass spectrometer conditions were as follows: [18, 36, 37] ionisation energy, 70 eV; ion source temperature, 230°C; quadrupole temperature, 150°C; quadrupole mass spectrometer scan range, 30-500 atomic mass units (amu); solvent delay time, 2.8 min.
Data analysis
Identification of the peaks was performed by searching the National Institute of Standards and Technology (NIST) 08.L MS library (a minimum match quality of 95% was used as the criterion). The retention indices (RI) were compared with published reports. [38] [39] [40] [41] [42] The relative percentages of the detected peaks were obtained by peak-area normalisation, and all relative response factors were taken as one. The Kovats retention index (RI) for each aroma compound was calculated with a homologous series of n-alkanes (C8-C40; Sigma-Aldrich, USA) under the same GC-MS conditions.
Results and discussions
Comparison of the extraction rates of tea essential oil by the different processes As shown in Table 1 , the time consumed for essential oil extraction by the Soxhlet extraction method was 8 h, twice as long as that of the UAE method. The SDE method required 6 h, and the SD method required 5 h. The highest yield of essential oil was obtained by the Soxhlet extraction method, that is, 0.81 ± 0.01 g/kg, more than 2 times yield of that of the UAE method. The SD method yielded 0.59 ± 0.01 g/kg, and the lowest yield was 0.11 ± 0.01 g/kg by SDE. However, according to the previously developed methods to extract volatile compounds of tea, the extraction yield accounted for only 0.01%-0.05% of the dry matter quantity. [2, 43, 44] We believe the higher efficiency in our study is due to the repeated extraction procedures. Although the repetition requires more energy and time, it improves the extraction yield of the essential oil.
In this experiment, the basic principles of the SDE device were derived from the design of Likens and Nickerson (1964), with reference to H S Thomas' report. [45] Although this experiment obtained essential oil with a high concentration of aroma, it has some scorched and stuffy flavours ( Table 3) that are different from the original flavour of the tea, and the extraction rate is relatively low. This Extraction rate (g/kg) = Oil quantity/tea powder (mean value ± standard deviation, n = 3).
result is similar to the conclusions of Shimoda Mitsuya. [46] Incubating the tea with solvents at the high temperature in a closed system for a long time may have altered some compounds, especially the heat-sensitive compounds. For instance, glycoside compounds hydrolyse and release linalool and geraniol and β-carotene degradation generates β-ionone, [41, 47] which results in obviously different flavours in the extracted oil, compared to the original tea.
Chemical composition of Pu-erh tea essential oil from the different extraction processes
The aroma compounds of the essential oils prepared under four conditions and HS-SPME were analysed by GC-MS. The TICs are presented in Fig. 1 . The identified compounds and their relative percentage contents (%) are summarised in Table 2 . A total of 96 volatile compounds were detected, including alcohols, aldehydes, ketones, hydrocarbons, phenolic compounds, esters, and acids. The essential oil extracted by the SD method contained 47 aroma compounds; the essential oils extracted by Soxhlet extraction method, the UAE method, and the SDE method can detect 40, 38, and 35 aroma compounds, respectively. The contents of caffeine (15.02%), nerolidol (13.13%), benzyl alcohol (3.84%), 1,2,4-trimethoxybenzene (3.14%), isophytol (2.59%), and 1,2,3-trimethoxybenzene (2.35%) were relatively high in the Soxhlet extract. The contents of caffeine (19.74%), 2,6-dimethoxyphenol (12.12%), 6-methyl-5-hepten-2-one (2.65%), 1-octen-3-ol (2.39%), and linalool (1.34%) were relatively high in the UAE extract. The caffeine (23.85%), 2-pentylfuran (10.85%), 2-methoxynaphthalene (9.09%), 1-octen-3-ol (7.34%), phenethyl alcohol (3.43%), nerol (1.66%), and 1,2,3,4-tetramethoxybenzene (1.18%) contents were relatively high in the SDE extract. The caffeine (33.27%), nerolidol (17.10%), phytol (12.97%), fluorene (6.63%), 1-octen-3-ol (4.12%), and isophytol (2.23%) contents were relatively high in the SD extract.
The comparison results of the aroma compounds prepared by four processes are shown in Fig. 2 . Further analysis showed that the main aroma constituents of the essential oils were alcohols, esters, aldehydes, ketones, hydrocarbons, and acids. In terms of the quantity of identified aroma compounds, the highest was obtained by SD, in which 14 alcohols, 7 esters, 4 aldehydes, 3 ketones, 1 hydrocarbon, and 3 acids were found. Ester compounds were the most abundant type in the oil extracted by the Soxhlet method, followed by hydrocarbons and alcohols, and the content of aldehydes was the lowest. The hydrocarbon content was the highest in the oil extracted by UAE, followed by alcohols, and the contents of acids and aldehydes were the lowest. The hydrocarbon content was the highest in the oil extracted by SDE, followed by alcohols and esters, and the content of acids was the lowest. The ketones content was the highest in the oil extracted by SD, followed by SDE, and the Soxhlet method ketone content was the lowest. This shows that the compositions of the essential oils extracted by different extraction processes were different with respect to type and contents.
A comparison of aroma-active compounds extracted from the Pu-erh tea samples by the four applied techniques revealed that HS-SPME was more efficient in extracting alcohols, methoxyphenolic compounds, ketones, hydrocarbons, and phenolic compounds, whereas the SDE extracts contained more acids. This finding was in agreement with the results obtained in previous studies of Pu-erh tea. [24] The aroma-active compounds from Table 2 with similar sensory descriptors were grouped into seven general aroma categories based on their primary aroma character: floral, stale/ musty, woody, fruity, green, rancid/pungent, and miscellaneous. To compare the relative aroma intensity of each aroma category, the higher average intensity value of the same compound was selected from the results of HS-SPME and SDE during calculation. Alcohols (floral aroma notes), methoxyphenolic compounds (stale/musty aroma notes), and ketones (woody or floral aroma notes) play a vital role in the special flavour of Pu-erh ripe tea. [27] The results of the compounds detected in the essential oils extracted by four different processes were compared. Although SD shares a same extraction principle with SDE, the limitation of the technique is clear in Table 2 . Thirty-nine of aroma compounds, including methyl linoleate, phytone, α-calacorene, cis-jasmone, γ-terpinene, cis-2-(2-pentenyl) furan, and 1-pentanol, were the only volatile compounds that could be detected in the essential oil extracted by SD method, whereas not in that oil extracted by SDE and the other methods. This is due to its open steam distillation system and following step-liquid-liquid extraction. During this procedure, not only high-volatile components such as benzyl alcohol, linalool oxides, and linalool had a chance to escape from the distillation system, but the analytes hardly transferred to organic phase. [25] Decanal, α-farnesene, 2,6,6-trimethyl-1-cyclohexene-1-ethanol, hexadecanoic acid methyl ester, α-cedrene, and nonanal were only detected in the essential oil extracted by SDE. This may attribute to the fact that SDE was a closed and continuous extraction system, in which the target components can be 'thoroughly' transferred to organic phase. Eicosane, γ-nonanolactone, and acetophenone were only detected in the essential oil extracted by the Soxhlet method. As for extraction of the low-volatile components in Pu-erh tea, such as 1,2,4-trimethoxylbenzene, SDE is less poor compared with Soxhlet extraction, probably due to the characteristics of high-boiling point and incompatibility with water steam. Soxhlet extraction was a classical technique to extract essential oil from natural product. [48] Table 2 shows that it can almost 'exhaustively' extract all the 1,2,3-trimethoxylbenzene and 1,2,4-trimethoxylbenzene from Pu-erh tea compared with SDE; nevertheless, it is very poor for benzyl alcohol, linalool oxides, linalool, phenethyl alcohol, and geraniol. These findings indicate Soxhlet was suitable for high-boiling point (low-volatile) compounds such as essential oil. [49, 50] As for the trace highvolatile component, SDE was appreciated. Therefore, in addition to the extraction ratio, the compositions of the essential oils were different by each extraction technique.
Aroma compound loss in different extraction methods
As shown in Table 2 , there were obvious differences between HS-SPME method and other four extraction methods with respect to the contents and types of aroma compounds. A total of 55 aroma compounds were detected in the Pu-erh ripe tea by HS-SPME. Moreover, compared with the four other extraction methods, HS-SPME had the highest number of aroma compounds, which covered 96.49% of the total compounds detected in all five extraction methods. Similar to our results, previous studies have shown a total of 77 volatile compounds were determined in 18 green teas, [51] mainly including alcohols, ketones, hydrocarbons, methoxy-phenolic compounds, and so forth. Among these, the methoxy-phenolic compounds were the most abundant components in the Puerh ripe tea. [42] The essential oils extracted by Soxhlet extraction, UAE, SDE, and steam distillation contained 40, 38, 35, and 47 aroma compounds, respectively. The aroma compounds lost from the tea essential oil do not reflect the true tea aroma compounds because secondary reactions may occur during the incubation at high temperature. Linalool oxide I (0.34%), linalool oxide III (0.35%), geranyl acetone (0.88%), α-cadinol (1.09%), linalool oxide II (2.85%), and linalool oxide IV (2.89%) were the only aroma compounds that were extracted and then detected by the HS-SPME method. Theses linalool oxides are present as primeverosides in teas and are liberated by specific enzymes (primeverosidases), [35] which along with α-terpineol are very important odourants that provide a floral and sweet scent in Pu-erh tea. Among these volatile compounds, α-cadinol has a woody fragrance and contributes to the unique flavour of Pu-erh tea. Moreover, geranyl acetone provides a special floral and woody odour and is a unique volatile compound in Pu-erh tea. [52] In contrast, isophytol and phytol, with high molecular weights, were only detected in the Pu-erh tea essential oil extracted by SD. Although they were extracted by SD method in high proportions, these two compounds were thought to be less important for the aroma flavour of Pu-erh tea because of their low volatility.
Compared with HS-SPME, most volatile compounds are lost in the evapouration procedure of the SDE process, that is, 20 aroma compounds were missing. Seventeen aroma compounds were lost in UAE extraction, and eight aroma compounds were lost in the SD method, which was the lowest loss. When using SPME, a large number of hydrocarbons (Fig. 3) were detected and constituted a significant proportion of the total volatile compounds in Pu-erh tea. As shown in Table 1 , alkanes were present as the richest hydrocarbons, but they had a minor effect on the aroma characteristics of Pu-erh because of their relative lack of odours. Dodecane and cyclododecane were detected in the lowest proportions of the hydrocarbons, but the result was not consistent with the study described by Lv et al, [41] who reported that the most abundant hydrocarbon in Pu-erh tea was hexatriacontane, followed by 2-methyl-naphthalene and naphthalene.
As shown in Fig. 3 , aldehydes were also present in high proportions in Pu-erh tea, and they were mainly extracted by SPME. The aldehydes, originating from thermal Strecker oxidative degradation of amino acids and fatty acids, [53] had an important role in the overall odour because of their relatively low odour threshold values. [25] Geranyl acetone, β-ionone, and dihydro-β-ionone were detected as the major ketones in Pu-erh tea when using SPME method. Although they were detected at low relative percentages, ketones played an important role in the odour of Pu-erh tea because most of the ketones delivered unique odours. Among the ketones, β-ionone was identified as a significant active odour that offered a complex fruity and woody scent. [54] Other compounds showed significant differences in their relative percentages when five methods were compared, as shown in Table 2 . SPME was more efficient for the extraction of ketones than other four methods. These results indicated that these aroma compounds have certain selectivity to the tea aroma extraction method; HS-SPME/GC-MS is the best method to detect the volatile compounds in tea.
Aroma comparison and sensory quality evaluation of essential oil
The quality evaluation indicators for essential oils include colour, persistence, transparency, degree of flavour, and taste. [55] [56] [57] In our work, the quality of the essential oils was evaluated by 10 professionally reviewers in spice and essence, and the results are shown in Table 3 . The evaluation index weight sequence was: taste of flavour > degree of flavour > persistence > colour > transparency. The comprehensive evaluation results indicate that the SD method was the best extraction process, followed by SDE, and Soxhlet extraction had the lowest final score. Therefore, compared with other three methods, the essential oil extracted by SD showed the best quality.
As shown in Fig. 4 , the appearance and aroma characteristics of the essential oil extracted by SD were different from the original tea. One possible reason is that during the high-temperature incubation, a series of chemical reactions occurred, such as oxidation, condensation, and group transfer, which altered the distillation product aroma. [41, 47] In this experiment, α-terpineol, phenethyl alcohol, R-limonene oxide, phytol, and indole had higher contents in the SD extract. α-Terpineol gives a special floral and woody odour to Pu-erh tea.
Regarding the problems mentioned above and to reduce the influence of temperature on the tea aroma compounds, UAE was also used in this experiment. Compared with other three methods, the essential oils extracted by UAE better reflect the natural flavour of the tea. Compared with SDE, the extraction rate of essential oil was 3.13 times higher, although the total number of aroma compounds recovered by SDE was greater than that of the UAE method. Compared with Soxhlet extraction, UAE was simple and easy to scale, and the total number of recovered aroma compounds was higher than that of the Soxhlet extraction method. However, the extraction rate of essential oil was 2.28 times lower than that of the Soxhlet method. In addition, some of the compounds in the essential oils extracted by the Soxhlet method may not be aroma compounds, especially the compounds with low volatility or heat sensitivity; for example, 1,2,3-trimethoxybenzene, 1,2,4-trimethoxybenzene, and 3,4,5-trimethoxy toluene are characteristic aroma compounds of Yunnan Pu-erh ripe tea that can be detected. These results are similar to previous studies. [41, 58] Pu-erh ripe tea is rich in compounds with methyl phenyl groups, which have a special contribution to the fragrance of Pu-erh ripe tea.
The International Tea Commission data showed that the production of dry tea was 2,278,000 tonnes in 2015, an increase of 186,000 tonnes or 8.9 % compared to the previous year. This trend will continue for at least 5 years. According to our experiment on essential oil extraction yield estimation, even though the extraction rate is relatively low, nearly 34,000 tonnes of essential oil from abandoned tea could be obtained every year, which will open a new pathway for the utilisation of tea and result in great economic value. Because the distinct flavour of Pu-erh ripe tea is thought to be formed by the pile fermentation process, [1] to meet the market demands of the essential oil, more Pu-erh ripe tea could be produced by the appropriate the pile fermentation process, if necessary. 
Conclusion
In this study, compared with other four different methods, SPME was the most effective method to extract and identify compounds with high volatility, such as low molecular weight alcohols, methoxyphenolic compounds, aldehydes, ketones, and hydrocarbons, which play a major role in the sensory perception of Pu-erh ripe tea. For these scalable extraction methods, most volatile compounds are lost during the evapouration procedure of SDE and UAE methods, and 20 compounds and 17 compounds, respectively, were not detected in the essential oils extracted by these methods. Therefore, SPME is more appropriate for the extraction of volatile compounds from Pu-erh ripe tea than the four other methods, although SPME is currently not scalable and not applicable for the industrial production of essential oil. Fewer compounds were present in the essential oil extracted by SDE and UAE. The extraction rates were also relatively low, but the methods can better maintain the aromatic compounds in the essential oils. In terms of essential oil production, we suggest Soxhlet extraction, which had the highest extraction rate. To preserve the essential oil flavour, we recommend the UAE method, whose extracted aroma is the most similar to the natural composition of Pu-erh ripe tea, has similar flavour profile as the tea itself, and can be easily scaled for industrial essential oil production. However, when both the essential oil extraction rate and oil flavour are considered, the best method is SD. 
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